Garden asparagus (Asparagus officinalis L.) is an economically important dioecious plant species whose shoots are eaten all over the world. The development of male and female asparagus flowers has been investigated in detail by scanning electron microscopy (Caporali et al. 1994) and the floral homeotic genes, based on the ABCDE model, have been isolated and characterized (Caporali et al. 2000 , Park et al. 2003 , Losa et al. 2004 , Park et al. 2004 , Ito et al. 2005 . The sex determination system of garden asparagus is known to depend on so-called sex chromosomes and genetic experiments demonstrated that females are homogametic (XX) while males are heterogametic (XY) (Kappert 1941 , Marziani et al. 1999 , Uno et al. 2002 . Garden asparagus is a diploid species containing 20 chromosomes in its somatic cells, and chromosome L5 has been identified as its sex chromosome (Löptien, 1979) .
In the breeding and cultivation of garden asparagus, male plants are considered advantageous because they have higher yields, are more tolerant to diseases and display greater longevity than females (Sneep 1953 , Benson 1982 . Therefore, all-male hybrid cultivars are generally preferred for asparagus cultivation (Ellison 1986) . A super-male plant is necessary to breed an all-male hybrid, and this can be obtained by the self-crossing of andromonoecious flowers (Sneep 1953) . Since there are no morphological differences between male and female, and between male and super-male asparagus in the vegetative stage (Ohwi 1965 , Clifford and Conran 1987 , Kubituki and Rudall 1998 , Marziani et al. 1999 , super-male plants must be genetically identified by the sex ratio of the progeny following crossing, thus it generally takes 24 months to identify super-male plants from the seeds of andromonoecious flowers (Sonoda et al. 2003) . Therefore, it would be useful to develop methods of identifying garden asparagus sex at an early developmental stage.
To reduce the time required for the identification of super-male plants, Faravigna et al. (1983) attempted to produce super-male plants by anther culture, but this method is technically difficult. Abe and Kameya (1986) and Abe et al. (1987) found that treating asparagus seeds with the herbicide s-triazine induced flowering in approximately 37% of onemonth-old seedlings. Kusukawa et al. (1994) reported that another compound, AM12, induced 95-100% flowering in A. officinalis cv. Mary Washington 500W seedlings. However, the efficiency of these compounds depends on the cultivar; for example, 53-66% flowering was observed in A. officinalis cv. UC157 seedlings exposed to AM12 (Sonoda et al. 2003) . In addition, several molecular marker techniques have been employed to identify sex-linked markers of garden asparagus (Restivo et al. 1995 , Lewis and Sink 1996 , Jiang and Sink 1997 , Jiang et al. 1997 . The RAPD marker that maps to the sex locus has been converted into a sequence-characterized amplified region (SCAR) marker (Jiang and Sink 1997), Reamon-Büttner et al. (1998) and Reamon-Büttner and Jung (2000) identified an AFLP marker. Recently, Jamsari et al. (2004) constructed an asparagus BAC (bacterial artificial chromosome) library and reported six sex-linked markers on the Y chromosome of garden asparagus. However, since they used their own strain of garden asparagus to test that sex-linked marker (Jamsari et al. 2004) , it remains unclear whether it can be generally applied to various cultivars of garden asparagus. The aim of this study was to develop sex-linked primers that are applicable to various cultivars of garden asparagus.
Plant material and DNA technique
A total of eight cultivars of garden asparagus, Mary Washington 500W (MW500W), Pacific 2000 (PC2000), UC157, Super Welcome, Harumachi Green, Backlim, F2 and F4 (breeding lines in Fukushima Prefecture) and Asparagus schoberioides Kunth were investigated. Backlim and F2 are an all-male hybrid. All cultivars were grown in the Fukushima Prefecture Agricultural Experiment Station in Japan.
Total DNA was isolated from each fresh phylloclade (1-2 g) based on the method described by Doyle and Doyle (1987) . Isolated DNA was resuspended in TE and stored at −20°C until use. Primers (Asp1-T7 marker) reported by Jamsari et al. 2004 (5′-CTTGGCGTGAATACGTTGC-3′ and 5′-TCTCTTGTTCAATATACTC-3′) and new sex-linked primers designed in this paper, Asp1-T7spf (5′-ATATGCG AGGCATTTGGAAG-3′) and Asp1-T7spr (5′-CTGCTACT GAGATACCTTAC-3′) were used to amplify DNA fragments in male garden asparagus plants. Positions of new sex-linked primers are shown in Figure 2 . Purified PCR products were cloned using pGEM-T Easy Vector (Promega, USA). Plasmids containing cloned fragments were isolated using the GenElute Plasmid Miniprep kit (SIGMA, USA). Cloned fragments were sequenced using a BigDye Terminator Cycle Sequencing Premix kit (Applied Biosystems) on an automated capillary sequencer (Model 310, Applied Biosystems) according to the manufacturer's instructions. For sequencing, we used primers of M13-Fw (5′-GTTTTCCCA GTCACGAC-3′) and M13-Rv (5′-CAGGAAACAGCTAT GACC-3′). The cloned fragment was amplified in a volume of 50 µl containing 100 ng genomic DNA, 5 µl of 10 × PCR buffer, 50 pmol primers, 0.2 mM dNTPs and 1 unit Taq polymerase (TaKaRa, Japan), in a My Cycler or i Cycler (BioRad, USA) programmed for 30 cycles of 2 min at 94°C, 30 sec at 94°C, 30 sec at 58°C, 1 min at 72°C, with a final cycle of 72°C for 10 min. Amplified fragments were separated on 2% agarose gels in 1 × TAE buffer and stained with ethidium bromide. Gels were observed and photographed under UV light.
Development of sex-linked primers
We used the previously published Asp1-T7 marker (Jasmari et al. 2004) to amplify a reported region of the garden asparagus cultivar MW500W. Using this marker, some individual male plants could be detected (Fig. 1, lane 2, 4 and 5), but other male plants and all the female plants could not (Fig. 1, lane 1 and 3, 6-10) . Overall, the unstable consequences of PCR amplification indicate that this sex-linked marker would not be generally applicable to various cultivars of garden asparagus.
Therefore, we cloned and sequenced the garden asparagus fragment amplified by the Asp-T7 marker. The nucleotide sequence of this PCR fragment is shown in Figure 2 . The length of this sequence was 396 bp without the primers, and the GC content of the region was 42%. We found five direct repeats more than 6 bp and three microsatellites in this region. There are stop codons in each frame and the longest open reading flame was 170 bp, which encodes a peptide of 56 amino acids, as confirmed by the NCBI ORF Finder. Moreover, we conducted a BLAST search and could not detect any similar sequences in the database, indicating that this region does not contain a protein coding sequence. Based on this sequence, we generated new sex-linked primers within this region (Fig. 2) .
In the present study, we used ten individual plants (5 males + 5 females) from each of six garden asparagus cultivars. PCR analyses revealed a band at the expected size of 308 bp in all males of each cultivar that was not detected in any female plants (Fig. 3A-F) . In addition, this band was detected in all Backlim and F2 cultivar plants, which were all-male hybrids (Fig. 3G, H) . We also performed PCR analysis of A. schoberioides using the newly designed primers and used six individual plants (3 males + 3 females). A. schoberioides is a dioecious species and one of the species most closely related to garden asparagus (Lee et al. 1997 , Fukuda et al. 2005 . As shown in Fig. 3I , one discrete band was detected in the samples amplified from male A. schoberioides plants, while no such bands were detectable in female plant samples. Notably, the size of the band was the same as that we detected in the male garden asparagus. Since the male-specific band was amplified even in a related species of asparagus, the new primers could be applicable to various cultivars of garden asparagus. Some molecular phylogenetic studies have shown that dioecious Asparagus species including A. officinalis and A. schoberiodes comprise a monophyletic group (Lee et al. 1997 , Fukuda et al. 2005 . Moreover, since interspecific hybrids between these species were obtained by hand pollination (Ochiai et al. 2002) , the region of PCR fragment we detected in this study might be conserved in A. officinalis and A. schoberioides.
There are no morphological differences in the vegetative organs of male and female plants that may be used to distinguish the sex of garden asparagus at the seedling stage (Ohwi 1965, Clifford and Conran 1987, Kubituki and Rudall 1998, Marziani et al. 1999) . Therefore, the use of sex-linked primers to check plant sex may be very useful for asparagus breeding. Our results indicate that new sex-linked primers could be used as sex markers among various cultivars of garden asparagus (Fig. 3A-H ).
Acknowledgments
We thank Mr. Hideo Tokairin for collaboration in providing and culturing the plants. We are also grateful to all the members of Kanno's lab for providing help and advice. This study was partly supported by a Grant for Itoh Science Foundation and Research Promotion for Graduate School of Life Sciences, Tohoku University.
Literature Cited
Abe, T. and T. Kameya (1986) 
